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Background

Real-world effectiveness studies are important for monitoring performance of COVID-
19 vaccination programmes and informing COVID-19 prevention and control policies.
We aimed to synthesise methodological approaches used in COVID-19 vaccine
effectiveness studies, in order to evaluate which approaches are most appropriate to
implement in low- and middle-income countries (LMICs).

Methods

For this rapid systematic review, we searched PubMed and Scopus for articles
published from inception to July 7, 2021, without language restrictions. We included
any type of peer-reviewed observational study measuring COVID19 vaccine
effectiveness, for any population. We excluded randomised control trials and modelling
studies. All data used in the analysis were extracted from included papers. We used a
standardised data extraction form, modified from STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE). Study quality was assessed using
the REal Life EVidence AssessmeNt Tool (RELEVANT) tool. This study is registered
with PROSPERO, CRD42021264658.

Results

Our search identified 3,214 studies, of which 26 were eligible for analysis. All studies
were conducted in 7 highincome countries and the majority assessed mRNA vaccines
(81% mRNA only, 15% mRNA and viral vector). Twenty-one of the 26 studies (81%)
used a cohort study design. There was significant heterogeneity for full vaccination
effectiveness estimates across studies (infection: n=17, mean=79%; hospitalisation:
n=7, mean=89%; death: n=3, mean=92%). Follow-up time for all studies was short
(mean=9.5 weeks). Across studies, short follow-up time and limited assessment and
mitigation of potential confounders, including previous SARS-CoV-2 infection and
healthcare seeking behaviour, were major limitations.

Discussion

This review summarises methodological approaches for evaluating real-world
effectiveness of COVID-19 vaccines and highlights the lack of such studies in LMICs,
as well as the importance of context-specific vaccine effectiveness data. Further
research in LMICs will refine guidance for conducting real-world COVID-19 vaccine
effectiveness studies in resource-constrained settings.
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SUMMARY

Background

Real-world effectiveness studies are important for monitoring performance of COVID-19 vaccination programmes
and informing COVID-19 prevention and control policies. We aimed to synthesise methodological approaches used
in COVID-19 vaccine effectiveness studies, in order to evaluate which approaches are most appropriate to
implement in low- and middle-income countries (LMICs).

Methods

For this rapid systematic review, we searched PubMed and Scopus for articles published from inception to July 7,
2021, without language restrictions. We included any type of peer-reviewed observational study measuring COVID-
19 vaccine effectiveness, for any population. We excluded randomised control trials and modelling studies. All data
used in the analysis were extracted from included papers. We used a standardised data extraction form, modified
from STrengthening the Reporting of OBservational studies in Epidemiology (STROBE). Study quality was
assessed using the REal Life EVidence AssessmeNt Tool (RELEVANT) tool. This study is registered with
PROSPERO, CRD42021264658.

Findings

Our search identified 3,214 studies, of which 26 were eligible for analysis. All studies were conducted in 7 high-
income countries and the majority assessed mRNA vaccines (81% mRNA only, 15% mRNA and viral vector).
Twenty-one of the 26 studies (81%) used a cohort study design. There was significant heterogeneity for full
vaccination effectiveness estimates across studies (infection: n=17, mean=79%; hospitalisation: n=7, mean=89%;
death: n=3, mean=92%). Follow-up time for all studies was short (mean=9.5 weeks). Across studies, short follow-up
time and limited assessment and mitigation of potential confounders, including previous SARS-CoV-2 infection and
healthcare seeking behaviour, were major limitations.

Interpretation

This review summarises methodological approaches for evaluating real-world effectiveness of COVID-19 vaccines
and highlights the lack of such studies in LMICs, as well as the importance of context-specific vaccine effectiveness
data. Further research in LMICs will refine guidance for conducting real-world COVID-19 vaccine effectiveness
studies in resource-constrained settings.

Funding

Health Systems Research Institute.



INTRODUCTION

The COVID-19 pandemic has placed a significant toll on health systems and economies. With the development and
roll-out of COVID-19 vaccines, policymakers in low- and middle-income countries (LMICs) now have an additional
tool to control the pandemic, with the potential to ease lockdowns and other non-pharmaceutical interventions. Yet
there is increasing evidence to suggest that vaccines are not a magic bullet, and policymakers will have to identify
how to best use vaccines as part of a comprehensive set of interventions®. In the immediate term, vaccination
programme constraints, both in terms of vaccine supply as well as the capacity of health programmes to deliver
vaccine at an unprecedented scale, mean that policymakers must identify how best to target vaccines for greatest
impact. In the longer-term, financial sustainability is likely to become an ever more pressing issue. Policymakers
have been able to allocate emergency funding to finance COVID-19 prevention and control measures, and many
financial institutions have unlocked access to grants and concessional loans to tackle the pandemic?. However, as
more data become available on vaccine duration of protection, protection against transmission, and protection
against COVID-19 variants, policymakers will have to decide which vaccination strategies are sustainable and most
appropriate to implement in their context®. Already there are stark differences in COVID-19 vaccination coverage
targets between countries, ranging from those aiming to vaccinate 30% of the population to those aiming for full
population coverage*.

To inform evidence-based policies on the rational use of COVID-19 vaccines, LMICs require real-world data on the
effectiveness of vaccines in their context. Efficacy data from clinical trials are important for regulatory authorities to
identify if a vaccine works and if it is safe. However, there are a number of limitations in using efficacy data for
policy. Firstly, clinical trials use strict inclusion and exclusion criteria, which are not necessarily representative of all
eligible populations for vaccination®”’. For COVID-19, a number of vaccines have been recommended for use with
limited data on effectiveness in the elderly, pregnant women, and populations with comorbidities, despite these
being priority target groups in many countries®**, Second, the setting of clinical trials may not reflect local
epidemiology. COVID-19 vaccine clinical trials have been conducted in settings with different circulating strains,
diverse underlying population health, varying transmission dynamics and non-pharmaceutical interventions (NPIs),
and measuring different outcomes*?. Finally, due to their nature, efficacy studies are unable to address programmatic
issues around health service utilization or off-label use®. For COVID-19 vaccines, this includes issues such as timely
receipt of the second dose, modified vaccine schedules to address supply shortages or to align timing across vaccine
products, vaccine acceptance and hesitancy (especially among specific population groups), interchangeability for
mixed product schedules, cold chain excursions and other logistics issues, among others?3,

Real-world effectiveness studies are important for informing policy decisions, as an estimate of the context-specific
performance of vaccines®. The results from real-world effectiveness studies not only monitor impact, but also give
country-specific inputs for modelling future strategies for vaccination and relaxation of NPIs, as well as justifying
budget allocation into, or away from, the COVID-19 vaccination programme. Due to the nature of real-world
effectiveness studies, they can be subject to selection bias, confounding factors, and missing data, therefore
requiring careful study design®415, The World Health Organization (WHO) has published an interim guidance for
conducting vaccine effectiveness studies in LMICs®3, and is maintaining a landscape of observational study designs
@:OVID-lQ vaccination effectiveness®. (However; to-our knowledge; there'is'no systematic review of published

“world effectiveness study designs for COVID=19 vaccination, to support LMICs to understand which study
designs are most feasible to implement in their settings, and the advantages and drawbacks of different approaches.
This review was commissioned by the Thai government to summarise methodological approaches being used to
study real-world COVID-19 vaccine effectiveness, to assess the quality of published literature, and to consider
which best-practice approaches are most suitable for implementation in Thailand and other LMICs.
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METHODS

Search strategy and selection criteria

We conducted a systematic review of the literature to identify peer-reviewed research studies on COVID-19 vaccine
effectiveness, in order to analyse the study design and methods for applicability to LMICs. We chose a rapid review
methodology as a streamlined approach to quickly inform policymakers and researchers in Thailand and other
LMICs that are in the process of developing vaccine effectiveness studies. Since the objective of the review was to
analyse methodological approaches, we did not conduct meta-analysis to summarise the results.

We included research studies published in academic journals in any language, which reported on the effectiveness of
COVID-19 vaccination in real-world settings. We therefore included any type of observational study, including
cohort studies (prospective and retrospective), case control studies, test-negative design case-control studies, and

reening studies, but excluded randomised control trials (RCTs) and modelling studies. Primary research articles
were eligible, as were letters to the editor, correspondence, reports, or rapid communications, provided that the
methods were adequately described for data extraction and quality assessment of study design. Due to our focus on
methodological approaches, we only included peer-reviewed literature, as quality assurance for study design and
reporting. We did not exclude studies based on population of interest, but restricted inclusion to studies measuring
the following outcomes: asymptomatic SARS-CoV-2 infection, symptomatic SARS-CoV-2 infection, severe SARS-
CoV-2 infection (as measured by hospital admission, ICU admission, or clinical diagnosis), or death from SARS-
CoV-2 infection.

We executed a search strategy (Appendix) of articles published from inception to July 7, 2021, in the MEDLINE
(via PubMed) and Scopus databases. Search terms were constructed according to intervention of interest (COVID-
19 vaccine) and study design (e.g. cohort study, post-marketing study, effectiveness analysis). Reference lists of the
included studies were searched to identify additional relevant studies. In the first stage, titles and abstracts were
screened independently by two reviewers, each from one of two separate teams. Any disagreement was resolved by
\@ TA. In the second stage, full text was reviewed for inclusion/exclusion by a single reviewer.

Data analysis

All authors extracted data using a structured form modified from STrengthenin?@Reporting of OBservational
studies in Epidemiology (STROBE), the reporting standard for observational st 17 Data were abstracted on
study characteristics (objectives, type of study design, country, study duration, funding source); study sample
(population, sample size, presence of variants of concern); intervention (partial or full vaccination, vaccine product
received); study outcomes; data collection and measurement methods (including utilisation of existing database);
data analysis methods (subgroup analysis, statistical model, sensitivity analysis, management of missing data and
potential confounders); results (by outcome of interest); study limitations; and ethical approval and/or consent
requirements. Type of study design was classified by the authors based on definitions from the WHO interim
guidance on evaluation of COVID-19 vaccine effectiveness!®. For the results, vaccine effectiveness (%) by outcome
was recorded. For studies reporting incidence rate ratio (IRR), the formula (1-IRR)*100 was used to calculate
vaccine effectiveness. If effectiveness data were unclear, the study was not included in the comparison of
effectiveness but was kept for the qualitative analysis of study design and methods. The quality of studies was
assessed by two independent reviewers using the REal Life EVidence AssessmeNt Tool (RELEVANT) tool*®. Each
primary and secondary sub-item was scored as 1 (yes) if performed or reported in the study, otherwise a score of 0
(no) was assigned. YT and TA resolved any discrepancy in scoring. Qualitative analysis identified areas of limited
evidence and highlighted opportunities to strengthen COVID-19 vaccine effectiveness study methodology.
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Figures were produced using R, version 4.1.0 (Camp Pontanezen). The review protocol is registered at PROSPERO,
CRD42021264658.

Role of the funding source
This study was funded by the Health Systems Research Institute, grant number 64134002RMO011L0. The funder of
the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report.

RESULTS @
We identified 3,214 articles through the database search. No additional articles were identified from searching
reference lists. After removal of duplicates (497) and exclusion of studies based on screening the abstract (2,659) or
the full text (32), 26 studies were included in this qualitative synthesis (Figure 1). Of the 32 studies excluded during
full text screening, 27 reported on an excluded outcome (not effectiveness) and 5 were an excluded study type
(randomised control trial or modelling study). All studies were in English, except one study in Spanish. Table 1
summarises study characteristics.

All 26 studies identified were published in 2021 and conducted in 7 high-income countries (HICs) (Table 2). No
studies were identified from Africa or Asia. Presence of circulating variants were reported in 8 (31%) studies; the
only variant of concern (VOC) mentioned was the alpha variant, reported in 7 studies'?12328.28.3338 Most studies
assessed effectiveness of MRNA vaccines (21 studies), followed by an mMRNA and a viral vector vaccine (4 studies),
and 1 study for an inactivated vaccine. Ethical approval was required in 17 studies (65%), with 8 studies (31%) not
reporting on ethical approval. Most studies (16, 61%) did not report on funding source; for the other studies, 5
(19%) were publicly funded, 2 (8%) funded through public and private funds, 1 (4%) through not-for-profit private
funding, and 2 (8%) did not receive funding.

Most studies (20 of 26, 77%) reported on vaccine effectiveness against either COVID-19 infection, hospitalisation,
or death, whereas 2 studies reported 2 outcomes (hospitalisation and infection?®, hospitalisation and death®’) and 4
studies reported on all 3 outcomes*®?22741 For confirmation of COVID-19 infection, 24 studies confirmed diagnosis
with reverse transcription polymerase chain reaction (RT-PCR) and 2 studies used RT-PCR as the main method of

confirming diagnosis, but either allowed rapid antigen test for symptomatic cases ?° or if RT-PCR was not available
41

Of the studies measuring vaccine effectiveness against infection, 19 are cohort studies, 3 test-negative design case
control studies, and 1 screening method (Figure 2). The most common study type is retrospective cohort study using
immunisation registries and medical databases (11 studies). Only three studies considered asymptomatic infection
among patients under investigation, healthcare workers and randomly selected individuals in the community 112238,
Most cohort studies were conducted among healthcare workers undergoing routine RT-PCR testing as part of the
hospital surveillance system. Sample size ranged from 189 to 10,187,720 (mean 773,736; median 9,000). For
vaccine effectiveness against hospitalisation and/or death, we identified 7 cohort and 2 test negative design case
control studies. Contrary to infection studies, none had healthcare workers as the population. All studies in the
general population used national level surveillance data. Sample size ranged from 189 to 10,187,720 (mean
2,709,298; median 675,083). The test negative designs had small sample sizes compared to cohort studies.

Comparison of effectiveness estimates across studies shows significant heterogeneity in results (Figure 3).
Effectiveness of partial vaccination ranged from 16% to 84% (mean 61.3%) against infection, 37% to 91% (mean
70.0%) against hospitalisation, and 46% to 55% (mean 50.7%) against death. For full immunisation, vaccine


Sticky Note
you can't combine ve for all vaccines together. 

Sticky Note
you are missing many studies (see reference section for list that i found quickly from our database


effectiveness ranged from 61% to 95% (mean 78.6%) against infection, 72% to 97% (mean 88.7%) against
hospitalisation, and 86% to 97% (mean 92.4%) against death. Overall, vaccine effectiveness against infection
showed wide variation even for the same vaccine type, whereas effectiveness against hospitalisation and death was
more uniform across vaccine type and setting.

Looking across study types, cohort studies generally had a lower quality than other study designs (Appendix). Only
6 of the 26 studies reported registration or publication of the study protocol and less than half (11 of 26) reported on
potential conflicts of interest (Figure 4). Regarding study methods, there were a number of limitations across studies.
Firstly, due to the short time since vaccine roll-out, follow-up time for all studies was very short (mean 6.2 weeks
for studies with infection outcomes, 10.3 weeks for hospitalisation or death outcomes). For the primary analysis, 20
studies followed best practice and only included outcomes occurring more than 14 days after first dose or at least 7
days after second dose of vaccination; 3 studies included outcomes from 12 days after the first dose%3%4%; 1 study
measured from 6 days after the second dose®; and 2 studies assessed outcomes occurring any time after
immunisation?35. Secondly, although, as observational studies, many studies aimed to include as many participants
as possible, only 7 studies reported calculating a sample size a priori (Figure 4); all studies that did so were cohort
studies with infection as the outcome of interest. Thirdly, most studies did not show inclusion/exclusion of study
participants as a flowchart, although all studies were judged to be in a relevant population and setting. Only 11
studies reported on vaccine coverage during the study period. For the test-negative design case control studies, the 2
studies looking at hospitalisation or death were conducted in older adults, whilst 2 of the 3 studies measuring
infection rates were conducted in health workers (Figure 2). However, 1 test-negative design case control study was
in the general population, which may be subject to collider bias. Fourthly, due to the observational study design,
selection bias and confounding effects were inevitable limitations, and 8 studies lacked explicit assessment and
mitigation of potential confounders (Figure 4). Covariates reported included age (16 studies), sex (14 studies), socio-
demographic factors (ethnicity/religion) (9 studies), socio-economic status (7 studies), and chronic conditions (5
studies). Healthcare seeking behaviour based on vaccination status was measured in 7 studies. No study in our
review measured adherence to NPIs and none of the test-negative design studiesmeasured chronic disease status or
piratory viral'infection. Previous SARS-CoV-2 infection was not measured in 18 studies, participants with prior
infection were excluded in 7 studies, and 1 study included prior infection in sensitivity analysis. No study reported
percentage of COVID-19 deaths in the vaccinated non-study population to prevent survivorship bias.
Misclassification of outcomes was mentioned as a limitation in 2 test-negative design case control studies '*?* and 9
cohort studies 11:22:25-27.31.343941 FEinally, only 10 of 26 studies reported on the extent of missing data (Figure 4).

DISCUSSION

To our knowledge, this is the first systematic review of methodologies for COVID-19 vaccine effectiveness studies.
Given the scale of COVID-19 vaccine roll-out thus far, our review identified relatively few studies assessing real-
world vaccine effectiveness. Of the existing studies, we identified significant heterogeneity in estimates of vaccine
effectiveness, likely due to differences in population groups and outcomes studied, study design, and presence of
VOCs. All studies identified are from HICs, often utilising national databases (which may not exist or may be of
poorer quality in LMICs), and the great majority assessed mMRNA vaccines, which are more prevalent in HICs but
only represent a third of the vaccines with WHO Emergency Use Listing (EUL)*? and one-fifth of COVAX secured
supply from legally binding agreements*®. Whilst the WHO landscape of observational studies has identified pre-
prints and registered studies being conducted in six middle income countries (Argentina, Brazil, India, Indonesia,
Tunisia, Turkey)¢, between our review and the WHO landscape document there are no real-world effectiveness
studies for half of the vaccines that have received WHO EUL and no study in low-income countries. These findings
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underscore the importance of advocating for real-world effectiveness studies on all approved COVID-19 vaccines
and across diverse LMIC settings.

Our review has highlighted several important components to consider at the outset of designing a real-world
effectiveness study of COVID-19 vaccines, including the appropriate study design, study population, outcome, and
time for follow-up. The most common study design identified in our review was a cohort approach, which may have
been facilitated by the presence of large, reliable, and inter-linked databases in study countries. Test negative design
case control studies were the second most common study design, but we did not identify any case-control studies in
this review. We hypothesise that this finding may be because of the challenges in enrolling an unbiased comparison
group: the low number of case-control registered studies and pre-prints suggests that we did not select against case-
control studies by restricting our search to peer-reviewed articles®.

In studies assessing symptomatic or asymptomatic infection as an outcome, healthcare workers were the most
common study population. In many studies, healthcare workers were an opportune population due to routine
symptomatic or RT-PCR screening activities undertaken within the health system. Conversely, we identified no
studies using healthcare workers as the study population for the outcomes hospitalisation and death, which we
hypothesise as being due to the low number of severe outcomes in this group**. Instead, studies either selected
populations at high risk of disease (such as the elderly) or utilised large national databases to assess outcomes in the
general population. If large-scale studies are not feasible, or rely on poor-quality databases, LMICs may find that
test-negative designs are most feasible to implement, as recommended by the WHO interim guidance®®. Regarding
study population and outcome, we suggest that health workers may be the most appropriate population for studies
measuring effectiveness against infection, whereas studies on hospitalisation/death may best focus on elderly
populations or other high risk groups.

Given the short timeline since COVID-19 vaccine introduction, the duration of all studies was less than five months.
As would be expected, studies looking at hospitalisation and death tended to have longer duration than those
assessing infection. However, the short follow-up time may have underestimated vaccine effectiveness against
severe outcomes, and means that studies were not able to consider duration of protection, which will be important in
informing strategies for delivering booster doses among different populations. Studies of longer duration may also
allow assessment of changing vaccine effectiveness with the emergence of new VOCs. Despite widespread concern
on protection of COVID-19 vaccines against VOCs, many studies did not assess prevalence of variants and none
reported on the delta strain. The WHO landscape of observational studies for vaccine effectiveness suggests that this
is likely to remain a significant gap in the literature for future research to consider: only three_nre-prints from HICs
report on the delta variant and only four registered studies, all in HICs, will assess variants'§

Our review highlights several gaps that merit further study, alongside opportunities to strengthen the quality of real-
world vaccine effectiveness studies. Firstly, we identified a need for studies in LMICs, especially in Africa and Asia,
as well as effectiveness studies with a longer duration and covering all vaccines with WHO EUL. Without
information on vaccine effectiveness for all licensed products, governments may face diminishing public confidence
towards the vaccines in use in their country. Second, most studies did not calculate (or report) the sample size a
priori. Since many LMICs are unlikely to be able to replicate the large-scale studies from HICs, calculating
minimum sample size will be very important, and should account for differences in access to healthcare services and
health seeking behaviour in LMICs, as compared with HICs. Third, we identified weaknesses across studies in
identifying and mitigating against potential confounders, and in reporting on missing data. Missing data are likely to
be a greater issue in LMICs and differences in healthcare utilisation are likely to be more pronounced than in many
HICs, requiring a well-considered plan for identifying and dealing with confounders and missing data. In particular,
we note that many studies either did not measure for previous SARS-CoV-2 infection or used this as an exclusion
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criterion. If the infrastructure exists, we recommend testing for previous infection and conducting sensitivity
analysis including this group, to avoid selecting the sample based on exposure risk. Finally, most studies failed to
report on the presence of VOCs or on conflict of interest, including funding source. The former is important to
respond to changes in vaccine effectiveness with new variants, and the latter is important for credibility of studies
for policymaking. Accordingly, we recommend a number of additions to the WHO interim guidance on evaluation
of COVID-19 vaccine effectiveness. The document would benefit from further guidance on setting an appropriate
time horizon for studies, alongside guidance on designing studies that can be conducted with limited resources. We
also propose the inclusion of practical guidance on identifying important confounders for a given setting and
management of missing data. Finally, we suggest the inclusion of managing and reporting conflict of interest, as a
fundamental part of study design.

There are several limitations to our review. We conducted the review only seven months after the first COVID-19
vaccines were licensed, limiting the number of studies and timeframe, as well as skewing our search results towards
HICs, which were the first to introduce COVID-19 vaccination. Restricting our search to peer-reviewed articles
further limited the number of results and favoured earlier studies in HICs with limited outcomes based on available
data. Because of these limitations, our review was unable to objectively compare approaches that may be more
appropriate to LMIC settings and yielded insufficient studies to conduct a meta-analysis. Furthermore, because of an
urgent request from the Thai government, we employed rapid review methodology. Particularly for the quality
assessment of studies, we had to make assumptions based on reporting in the article, whereas contacting study
authors for clarifications may have yielded further information to enhance our analysis.

Despite the importance of real-world effectiveness studies for informing national COVID-19 prevention and control
policies in LMICs, existing studies tend to focus on settings, available vaccines, and VOCs specific to a handful of
HICs. Although WHO recommends against conducting effectiveness studies in each country®?, in light of the
heterogeneity between studies, we argue that there is benefit to each country designing and conducting effectiveness
studies, subject to available resources. Considerable funding has been made available from the public sector for
COVID-19 vaccine development and deployment. We therefore argue that it is imperative for the public sector to
continue funding to the end of the product development continuum and finance studies on effectiveness and impact,
not just domestically but across countries, given the global nature of the COVID-19 pandemic.

In summary, our review highlights the importance of local vaccine effectiveness data, and Suggests that test-negative
case control studies with sample size calculated a priori may be most practical to implement in LMICs, especially
since reliable and interlinked databases for COVID-19 vaccination, diagnosis and treatment often do not exist in
these settings. We highlight the limited experience conducting vaccine effectiveness in LMICs, but emphasise the
importance of such studies for policymakers in LMICs to develop and monitor vaccination policies, as well as to
enhance public confidence in vaccination. We call on the global community to support LMICs to lead and
implement COVID-19 vaccine effectiveness studies in their settings, as a priority research area moving forward.
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Table 1. Characteristics of COVID-19 vaccine real-world effectiveness studies meeting inclusion criteria.

Research UK

Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
After 1st dose,
National 0-3, 4-6, 7-9,
Immunisation SAR-CoV2 10-13, 14-20,
) Elderly people . ) October 26, infection, 21-27, 28-34,
Lopez 19 U.K. None aged >70 years 265,745 Test negative Case- 1 2020 - February Management BNT162b2, hospital 35-41 and >42
Bernal control design System and ChAdOx1-S g ;
old 21,2021 : . admissions, days.; After 2nd
hospital admission death d 0-3. 4-6
data eaths ose, 0-3, 4-6,
7-13, and >14
days.
UK Research
and . Early Pandemic
Innovation -
(Medical Evaluation and
Enhanced
Research )
. Surveillance of . After 1st dose,
Recs(e)::]cck:lghd General Prospective cohort December 8, COVID-19— BNT162b2 adm|-i|§ssirc)>lntzldue 0-6, 7-13, 14-
Vasileiou 2 U.K. . : 5.4 million 2020 - February EAVE 11— i 20, 21-27, 28-
Innovatl_on population study 22 2021 database, Scottish ChAdOx1-S to S_ARS-_CoV-Z 34, 35-41, and
Industrial - infection
Strate Morbidity Record >42 days
9y 01 database, and
Challenge . o
Rapid Preliminary
Fund, Health -
Inpatient Data.
Data




Country | Funding Population | Sample Study design* | Study time Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
1) First vaccine
dose <14 days
before illness
onset
2) Within 14
Adults with days prior to
COVID-19- onset of
like illness COVID-19-like
admitted to 24 illness
hospitals in 14
states. Patients 3) Partially
were eligible if vaccinated,
they were >65 receipt of 1
deﬁeeagi ggstphiial dose of a 2-dose
O . SAR-CoV2 vaccine series
Tenforde # USA Not stated admls_smn, 417 Observational January 1- Not stated infection and >14 days before
received study March 26, 2021 BNT162b2 hospital il t
- . pita illness onset or
clinical testing admissions 2 doses with the
for SARS-
CoV-2 by RT- second dose

PCR or antigen
test within 10
days of illness
onset, and had
onset of
symptoms 0—
14 days before
admission.

received <14
days before
illness onset

4) Fully
vaccinated,
defined as
receipt of both
doses of a 2-
dose vaccine
series >14 days
before illness
onset
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
Isreali At least 7 days
population after second
inlof4 SAR-CoV2 dose, >7 days
Haas 2 Israel Israel MoH >16 years old nationwide Observational January 24 - Nationwide infection, after the second
and Pfizer residents of dical study April 3, 2021 Surveillance Data BNT162b2 hospital dose, with the
Israel _medica admissions, dium follow-
insurance medium follow
programmes deaths up time of 48
days
At least 7 days
after second
dose, >7 days
Healthcare . January 25, ;
Sansone 2 Italy Not stated workers in 6,904 Observational | 51 april 13, | No database used SAR-Covz | after the second
. study BNT162b2 j ; dose, with the
Brescia 2021 infection A
medium follow-
up time of 48
days
After 1st dose:
Healthca_re 7 days, 14 days,
workers |nf 21 days, 22nd
University o . day or later,
California, San Observational December 16, emEIIc?Ctere:)Elecalth before 2nd dose
Keehner # USA Not stated | Diego (UCSD) 36,659 study 2020 — February recgr dysystem at BNT162b2, SAR-CoV2
and University 9, 2021 mRNA 1273 infection
of California, UCSD and UCLA
Los Angeles After 2nd dose:
(UCLA) 7 days, 14 days,
15 days or later
Healthcare in:,;rjﬁlzlé/d'
workers, first . December 14— )
Th ) >14d ft
omeson | usa Not stated | responders, 3,950 Obsesxg“ona' 18,2020- | Nodatabaseused | BNT162b2, SARCoV2 | o
and frontline y March 13, 2021. mRNA 1273 infection g
workers dose only, >14

days after first
dose through
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
receipt of
second dose
Fully
immunized:
>14 days after
second dose
Frontline Retrospective December 27, Local COVID-19 21 days after
Fabiani % Italy Not stated healthcare 6,423 cohortp stud 2020 - March surveillance BNT162b2 SAR-CoV2 1st dose; 7 days
workers y 24,2021 database infection after 2nd dose
Immunization Sﬁ;-c(t:igxz
Cavanaugh USA Not stated Rﬁ;gﬁg;;ﬁ;d 189 Retrospective January 10 - farsi?ilts t?; tr:x;?e\l\Y\;S' symptomatic 14 days after
z cohort study March 1, 2021 y ’ BNT162b2 COVID-19 cases, 2nd dose
workers medical records :
. hospital
reviews admissions,
deaths
Public Health
England, UK For outcome: 8
Department Participants weeks after first
of Health and Healthcare enrolling to the dose
Social Care workers and Prospective cohort Dec 7, 2020 - National
1 ’ ’ _ .
Hall UK. and the staff >18 years 23,324 study Feb 5, 2021 Immunization BNT162b2 Sﬁfseg%\éz For vaccine: 21
National old Management days after 1st
Institute for System dose; 7 days
Health after 2nd dose
Research
- 8 weeks after
Benenson 2 Israel Not stated Healthcare 6,680 Descriptive cohort 8 weeks after Not stated SAR-CoV2 first dose (Dec
workers study Dec 20, 2020 BNT162b2 infection

20, 2020)
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
The Horizon
2020 program Individuals
of the
aged >18 years
European
. covered by the
Commission
and the Navarre Health
M;”'”fgz' Spain Carlos 11 ?e“"ce "tv'”: 20,961 PrOSpe":"(’f cohort Ja“”a%z April Not stated BNT162b2, SAR-CoV?2 Not stated
a Institute of close contacts study ChAdOx1-S infection
. of laboratory-
Health with -
the European confirmed
Top COVID-19
Regional
cases
Development
Fund
All Maccabi
Follow-up
Healthcare -
- period for
Services ]
assessing VE
(MHS) -
. ended in day 24
members aged Comparative December 19, Maccabi after the first
Chodick ® Israel Not stated 16 years or 503,875 mp 2020 - January Healthcare SAR-CoV2
effectiveness study . BNT162b2 . . dose, 3 days
older who were 15, 2021 Services infection
. after day 21, at
vaccinated i i
. which point the
during a mass
- - second dose can
immunization -
be given.
program
All healthcare December 17,
Jameson 3t USA None workers in a 4,318 Screening 2020 - March Not stated SAR-CoV2 Not stated
. BNT162b2 i .
hospital 24,2021 infection
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
Routine
employee
testing
Pilishvili® |  USA Notstated | PO | 143 | Test negative case- Ja””ag;l'v'amh Not stated BNT162b2, SAR-COV2 Not stated
e control study mRNA 1273 infection
specific
occupational
health
practices.
Decrease in the
Texas University of nLImeer th
Department Universit, Descriptive data December 15, Texas ergfe?sﬁejr% °
Daniel * USA of State employee); 23,234 repport 2020 - February Southwestern BNT162b2, isolation or Not stated
Health 28, 2021 Medical Center mRNA 1273 quarantine and
Services (UTsw) reduction in
the incidence of
infections
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Country

Funding
source

Population

Sample
size

Study design*

Study time
frame

Database(s)

Type(s) of
vaccine

Outcome

Follow-up
time

Angel %

Israel

Not stated

Healthcare
workers

6,710

Retrospective
cohort study

December 20,
2020 - February
25, 2021

Hospital data

BNT162b2

SAR-CoV2
infection

December 20,
2020, to
January 2, 2021
(period 1),
screened
monthly or
biweekly
depending on
their risk of
exposure; from
January 3 to 14,
2021 (period 2),
wide screening
regardless;
January 15,
2021- February
25 (period 3),
screen medium
to high
exposure risk
and non—fully
vaccinated
health care
workers
screened
monthly to
weekly

Amit 3#

Israel

Not stated

Healthcare
workers

9,109

Retrospective
cohort study

December 19,
2020 - January
24,2021

Not stated

BNT162b2

SAR-CoV2
infection

Days 1-14 and

15-28 after the

first dose of the
vaccine
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
Primary data
conduct using by
. . questionnaire,
PP web-based, and infection
@ laboratory-confi
rmed COVID-19
. From >14
. Not Skilled nurse Retrospective December 29, The_electromc :fter dosé1 E:llys
Britton % Israel licabl ident 463 hort stud 2020 - February medical record BNT162b2 SAR-CoV2 throuah 7 d
applicable residents cohort study 12, 2021 chart abstraction infection roug ays
after dose 2
1.5 months or
the follow-up
ended at the
earliest of the
following
events:
occurrence of
SAR-CoV2 an outcome
infection, event, death
Retrospective December 20, . symptomatic unrelated to
Dagan USA Not stated H\?\Z':ngsre 4.7 million observational 2020 - February SE:S:Q;&?:E) BNT162b2 COVID-19 cases, Covid-19,

study

1,2021

severe COVID-
19 cases, hospital
admissions,
deaths

vaccination (for
unvaccinated
controls),
vaccination of
the matched
control (for
vaccinated
persons), or the
end of the study
period.
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
Not vaccinated,;
not previously
positive; >21d
before
vaccination,
Not vaccinated;
Department not previously
of Health and positive; 1-21d
Social Care, before
Welsh vaccination,
Government Vaccinated with
and General A large houseEold December 1 The Olffice for 0-7d aé.]o, ;
. Department . survey wit . National Statistics SAR-CoV2 Vaccinated wit
Pritchard * UK. of IE)IeaIth on population 216 383812 Iongit)lljdinal 2020 - May 8, (ONS) COVID-19 3’1\‘ /Idlgzi)zé infection and 8-20 d ago, >21
behalf of the years old follow-up 2021 Infection Survey X infection severity |  d after first
Northern dose; no second
Ireland dose, Post-
Government second dose,
and Scottish Not vaccinated;
Government. previously
positive <4
months ago,
Not vaccinated;
previously
positive >4
months ago
Healthcare Each week,
Workersbfrom Retrospective December 20 The CI:/IhS N?tional sta]r(tting h3 vaeeks
. CDC Tiberius . ' Health Safet SAR-CoV2 after the first
Domi USA Not stated system for 12,347 observa:jtlonal 20207' ; egiuary Network (NHSyN) BNT162b2 infection and vaccination
Long Term study 120 Public File Data mortality clinic took
Care facilities place
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Country | Funding Population | Sample | Study design* | Study time | Database(s) Type(s) of Outcome Follow-up
source size frame vaccine time
Wellcome
Trust/Medical Hospital-
Jones 4 UK Research Healthcare Approximat Retrospective Ja?g:;ﬁ;f‘ ;;)21 laboratory SAR-CoV2 Not clearly
o Council/NHS workers ely 9000 cohort study 202{ ' interface software, BNT162b2 infection defined
Blood and Epic (Verona, WI)
Transplant/E
PSRC
Classed as
Healthcare vaccinated 12
- Registro Nominal SAR-CoV2 days after onset
workers in . January 25, 2021 - .
Gras- Spain Not stated Alicante 268 Test negative case - Eebruary 7 de Vacunas de la infection, of symptoms or
Valenti *° P control Generalitat BNT162b2 symptomatic positive PCR
General 2021 .
. Valenciana COVID-19 cases, for
Hospital .
asymptomatic
cases
The Agency
Nacional de . Database of Fondo
Lo Population >16 .
Investigacion years old Nacional de Salud SAR-CoV?2
Jara #* Chile . & . receiving at 10,187,720 Prospective cohort | February 2, 2021 (FO.NASA)’ the CoronaVac infection, ICU Not c_IearIy
Millennium study - May 1, 2021 national public e defined
Science least 1 dose of health insurance admissions,
A CoronaVac deaths
Initiative program.
Program

RT-PCR - reverse transcriptase polymerase chain reaction; MoH — Ministry of Health; ICU — intensive care unit; VE — vaccine effectiveness

*As reported in the study. For the purposes of standardisation in our analysis, we re-classified the following studies (in accordance with the WHO interim guidance for conducting vaccine effectiveness
studies in LMICs): Tenforde et al — test negative case control design; Haas et al — retrospective cohort study; Sansone et al — retrospective cohort study; Keehner et al — retrospective cohort study;
Thompson et al — retrospective cohort study; Benenson et al — screening study; Chodick et al — retrospective cohort study; Jameson et al — retrospective cohort study; Daniel et al — retrospective cohort
study; Amit et al — retrospective cohort study; Dagan et al — prospective cohort study; Pritchard et al — prospective cohort study.
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Table 2. General characteristics of articles on real-world effectiveness of COVID-19 vaccines

Characteristics N (%)

Publication year

2021 26 (100%)
Publication type
Correspondence 2 (8%)
Letter 1 (4%)
Original (primary) research 19 (72%)
Rapid communication 2 (8%)
Report (e.9. MMWR) 2 (8%)
Country
Chile 1 (4%)
Israel 7 (27%)
Italy 2 (8%)
Scotland 1 (4%)
Spain 2 (8%)
United Kingdom 4 (15%)
United States 9 (34%)
Vaccine types
mRNA (BNT162b2) 16 (61%)
MRNA (BNT162b2 and mMRNA-1273) 5 (19%)
mRNA and viral vector (BNT162b2 and ChAdOx1-S) 3 (12%)
mRNA and viral vector (BNT162b2, mRNA-1273 and ChAdOx1-S) 1 (4%)
Inactivated SARS-CoV-2 (CoronaVac) 1 (4%)
Variants
Mentioned 8 (31%)
B.1.1.7 (alpha) 6
B.1.1.7 and B.1.525 1
R.1 lineage 1
Not mentioned 18 (69%)
Ethical approval
Yes 17 (65%)
Exempted 1 (4%)
Not stated 8 (31%)
Informed consent
Yes 2 (8%)
Exempted 3 (11%)
Full ethical review was not necessary 2 (8%)
Not stated 19 (73%)
Study design
Test-negative design case control study 4 (15%)
Prospective cohort study 6 (23%)
Retrospective cohort study 15 (58%)
Screening methods 1 (4%)
Outcomes (a study can have more than one outcome)
Infections 22
Hospitalizations 8
Mortality 6
Financial source
Public 5 (19%)
Public and Private 2 (8%)
Private not for profit 1 (4%)
None 2 (8%)
Not reported 16 (61%)

MMWR - Morbidity and Mortality Weekly Report
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Figure 1. Study profile.
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Figure 2. Study design by outcome for COVID-19 vaccine effectiveness studies meeting inclusion criteria.
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Figure 3. COVID-19 vaccine effectiveness for full vaccination (top panel) and partial vaccination (bottom
panel) among included studies.
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Figure 4. Quality assessment using the REal Life EVidence AssessmeNt Tool (RELEVANT).
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Supplementary Table. Vaccine effectiveness by outcome among included studies.

partially vaccinated)

Vaccine Effectiveness N Mean Min Max Mean of 95% CI

Standard Deviation
Fully vaccinated (2 doses)

Against infection 17 78.58 % 61.00 % 95.00 % 61.53 % - 86.47 %
Against hospitalization 7 88.67 % 72.00 % 97.20 % 71.46 % - 93.60 %
Against death 92.37 % 86.00 % 96.70 % 75.20 % - 94.90 %
Total 27 82.73 % 61.00 % 97.20 % 65.62 % - 89.26 %

Partially vaccinated (1 dose)

Against infection 12 61.25 % 16.00 % 84.00 % 43.25 % -72.33 %
Against hospitalization 4 70.00 % 37.00 % 91.00 % 56.00 % - 77.50 %
Against death 50.67 % 46.00 % 55.00 % 36.33 % - 59.00 %
Total 19 61.42 % 16.00 % 91.00 % 44.84 % - 71.32 %
Total (both fully and 46 73.93 % 16.00 % 97.20 % 57.04 % - 81.85 %
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Supplementary Figure. Quality assessment of included studies by study design.
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